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Langerhans granules, as reconstructed in three
dimensions and interpreted by Sagebiel and Reed
(13) and Wolff (17), are discs that in profile look
like rods bounded by limiting membranes 50-60 A
wide and terminated in vesicular formations.
Internally, the rod-shaped portions of the disc
demonstrate paracrystalline nets or lattices with a
periodicity of 90 A. The presence of these granules
has been considered the primary criterion by which
dendritic cells have been identified as Langerhans
cells.
Although Langerhans granules are most com-
monly seen in dendritic cells in the epidermis
(3-5), they have been found in cells in the dermis
(18), in the epithelia of the uterine cervix (7) and
of the gingiva (14), and in three forms of histio-
cytosis X granulomata (1, 8, 15) .
Langerhans granules have now been found
inside the keratinocytes of fetal epidermis .
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MATERIALS AND METHODS
Specimens of scalp skin from a 76 day fetus and from
an adult rhesus monkey were cut into blocks (1-2
mm'), fixed for 2 hr in 1 % OS04 buffered with
veronal acetate (10), dehydrated through an ascend-
ing series of ethanols to propylene oxide and 1 :1
propylene oxide :Araldite, and then embedded in
Araldite (9). Sections for electron microscopy were
cut on a Porter-Blum MT-2 microtome, stained with
lead citrate (12) and uranyl acetate (16), and viewed
on uncoated grids in a Philips 200 electron microscope
operating at 60 kv .
RESULTS AND DISCUSSION
Langerhans granules, identical with those found
in dendritic Langerhans cells, are present in some
keratinocytes in the germinative layer of 76 day
fetal epidermis (Fig. 1) and in cells of the outer
root sheath of differentiating hair follicles . Seen
FIGURE 1 A portion of a keratinocyte in the basal layer of 76 day fetal epidermis. Hemi-
desmosomes are present at the basal surface abutting against the basal lamina, and a
desinosome at the top of the field maintains attachment to the more superficially located
cell. A Langerhans granule (inset) is free in the cytoplasm. Large aggregations of glycogen
particles (gl) and tonofilaments (tf) are also present. X 40,300.
FIGUuF 2 A higher magnification of the Langerhans granule shown in Fig . 1. Tile rod-
shaped portion is ideniical to that of typical Langerhans granules, with outer limiting
membranes 50-60 A wide and an inner electron-opaque core; it ends in a terminal vesicle
(arrow). X 126,750.
FIGURE 3 Two Langerhans granules from a keratinocyte in the outer root sheath of a
differentiating hair follicle . The granule at the left is typically rod-shaped, has an inner
core, and ends in a small terminal vesicle ; the other has a central vesicle with two rod-
shaped ends. X 126,750.915FIGURE 4 A typical Langerhans cell in adult rhesus epidermis. No desmosomal attachments are seen
at the cell surface. Several Langerhans granules are visible, and numerous lipid-like droplets are also
present in the cytoplasm. The Golgi zone is well-developed and a few cytoplasmic filaments (f) are also
present. X 20,800.
in cross-section, the rod-shaped portions of the
granules consist of outer-limiting unit membranes
50-60 A wide and inner electron-opaque cores that
have a periodicity of about 80-90 A (Figs . 2, 3) .
Although the profiles are predominantly rod-
shaped, some granules end in a terminal vesicle
that gives the structure its unique appearance
(Fig. 2). Less frequently, the granules are arched
convexly with two rod-shaped terminations and
a central vesicle (Fig. 3).
Such granules are found inside characteristic
fetal keratinocytes. These cells maintain desmoso-
mal attachments with adjacent keratinocytes and
have prominent hemidesmosomes where they rest
against the basal lamina ; their cytoplasm contains
numerous tonofilaments and tonofibrils (Fig . 1) .
Fetal keratinocytes also contain large quantities of
glycogen particles and extensive Golgi zones .
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In the epidermis of adult rhesus monkeys
Langerhans cells with numerous typical granules
do not have desmosomal attachments at their
surfaces (Fig. 4). Although often seen in the basal
layer, the cells rarely abut against the basal
lamina from which they are usually separated by
slender keratinocyte processes . The granules of
adult Langerhans cells are identical with those
seen in the fetal keratinocytes . Langerhans cells
found in adult skin also contain numerous cyto-
plasmic filaments and large lipid-like droplets
(Fig. 4). The keratinocytes in the basal layer of
adult rhesus monkey epidermis are morpholog-
ically similar to keratinocytes in other species.
These observations show that what we now
assume to be characteristic Langerhans granules
occur not only in dendritic Langerhans cells but
also in fetal keratinocytes . Since such granulesoccur inside keratinocytes, one is faced with the
question of how they got there . The granules
might be transferred into keratinocytes from other
cells or they could form within the keratinocytes .
Another, less likely, alternative is that fetal
Langerhans cells look like keratinocytes .
There is no evidence that these granules are
transferred from other cells, but other particles,
for example melanosomes and premelanosomes,
are synthesized by melanocytes and later trans-
ferred to keratinocytes (2, 6, 11) . If, on the other
hand, these granules are not transferred from
other cells, we must assume either that cells other
than those identified as Langerhans cells can
produce them or that those fetal keratinocytes that
contain the granules are differentiating into
Langerhans cells . The accepted description of
Langerhans cells makes it clear that these cells
are not attached to adjacent cells by way of
desmosomes. Thus, if one accepts such a defini-
tion, any cell with Langerhans granules and no
desmosomes is a Langerhans cell. The present
observations, however, cast doubt on such a
definition, and we must now question whether
all other cells that contain Langerhans granules
necessarily belong to a specific type of cells . Since
cells containing particles identifiable as Langer-
hans granules have been reported in several dif-
ferent tissues, we conclude that the granules may
not be peculiar to Langerhans cells .
It is questionable that the fetal keratinocytes
which contain Langerhans granules are transform-
ing into Langerhans cells . Yet, the ontogenetic
appearance and germ layer origin of Langerhans
cells has not yet been determined, and to date
we have not seen any cell in a 75 day old fetal
rhesus epidermis that can be defined as a Langer-
hans cell.
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